Water resources are becoming limited and the competition for a finite water supply is increasing. In an effort to conserve water applied to irrigated turfgrass sites, the identification of water conserving turfgrasses is becoming an important objective in turfgrass breeding programs. Turfgrass can respond differently in evapotranspiration (ET) rate as climatic conditions change. To investigate the interaction between genotypes and evaporative environments, 61 Kentucky bluegrass (Paa pratensis L.) cultivars were evaluated for ET rate under controlled environments (chamber conditions) across three equally spaced, evaporative demand environments/temperatures (25, 30, and 35°C) using the water balance method. There was a significant interaction (P < .001)
under controlled environments (chamber conditions) across three equally spaced, evaporative demand environments/temperatures (25, 30, and 35°C) using the water balance method. There was a significant interaction (P < .001) in ET rate between the 61 cultivars and the three temperature environments.
Because of the large number of treatment combinations the interaction is difficult to understand using ordinary analysis of variance (ANOVA).
Therefore, simple linear regression models and AMMI (additive main effect and multiplicative interaction) models were used in interpreting genotypeenvironment interactions. There was wide variation in cultivar mean ET (5.36 to 6.82 mm d-I), and in stability of cultivar ET ranking, and sensitivity to evaporative environment characterized by cultivar stability. Cultivar stability (regression coefficients) varied by as much as 60% in the rate of ET loss, from 0.12 to 0.31 mm d-I oC-I. AMMI analysis revealed that high evaporative environments (35°C) interacted with cultivars in a direction opposite of low evaporative environments (25 and 30°C) . This indicated that the relative
INTRODUCTION
Limited water resources and increasing competition for a finite water supply underscores the importance for reducing the amount of irrigation water applied to turfgrass sites. The identification of water conserving turfgrass is important in frequently irrigated turfs where the primary concern is water conservation. Turfgrass ET under non-limiting soil moisture conditions is a function of climatic, soil and plant factors (Beard, 1973; Feldhake et al., 1983; Kim and Beard, 1988; Sherman, 1986) . Turfgrass ET at both the interspecific and intraspecific level can respond differently as climatic (evaporative) conditions change (Aronson et al., 1987; Sheffer, 1979; Sherman, 1986) . As a result, relative rankings of species and cultivars in their ET rates can shift significantly between years, seasons and locations or environments.
Conversely, despite different evaporative conditions over time the relative ranking of cultivar ET can be quite stable and cultivar ET can be independent of evaporative demand, hence no genotype-environment interaction is detected (Bowman and Macauly, 1991) . These studies indicate that turfgrass species and cultivars may respond to environmental change (evaporative demand) differently, and the shifts in rankings or stability of rankings, may be explained by interspecies and intra species variations in sensitivity (stability)
to changing evaporative environments.
Plant morphological characteristics have been identified that increase canopy resistance to ET and are associated with low consumptive water use in turfgrass under non-limiting soil moisture conditions (Kim and Beard, 1988) .
High canopy resistance to ET combine characteristics like high shoot and leaf density, and a horizontal leaf and shoot orientation. Other important water conserving morphological characteristics are associated with minimizing leaf area components, and include slow vertical leaf extension rates and a narrow leaf width. Shifts in ET rates can be explained from this morphological and growth perspective if differences in environmental factors (climatic, edaphic and cultural) cause significant inter-and intra-species variations in canopy resistance and leaf area components which can contribute positively or negatively to ET depending on the species or cultivars adaptability to it's environment (Beard, 1985) .
There is a need to conduct comparative ET studies under controlled conditions across a broad range of environments in order to provide some fundamental principles about intraspecies stability and the extent to which cultivars differ in their response to controlled environmental change. In this way turfgrass ET response to specific evaporative environments can be emphasized under uniform conditions in order to minimize the potential sources of variability and effects of shoot and leaf dimensions on ET other than genetic.
To understand the interaction between large populations of genotypes and environments, simple linear regression models and more sophisticated AMMI models have been developed for analysis in plant yield trails (Zobel et al., 1988) . We have applied these statistical tools from yield trials in our investigation of ET response of 61 Kentucky bluegrass (KBG) cultivars to three temperature environments. These analysis have been shown to be effective in detecting and understanding complex genotype-environment interactions (hence genotype-environment combinations) of the type that have been proposed here (Crossa et aL, 1990; Finlay and Wilkinson, 1963) .
MATERIALSAND ME1HODS
Water Use Analysis A random sample of 61 KBG cultivars were assembled from the National Turfgrass Evaluation Program (NTEP) seed bank, Beltsville, MD. The cultivars included 2 entries from the 1990 low-maintenance and 59 entries from the 1990 medium-high-maintenance variety trials. Commercial cultivars and both standard and experimental selections were included. Pure or authentic seed obtained from either the USDA or breeder was used in the study. KBG cultivars were chosen for study because of the broad range in consumptive water use (Sherman, 1986) and polymorphism exhibited by this species (Nittler and Kenny, 1976) .
In March and April of 1993 the 61 cultivars, each replicated four times were seeded to 20 cm diam. lysimeter containers filled with fritted clay.
Research by van Bavel et aL (1978) has shown fritted clay to have several good properties for water use studies in addition to removing soil texture/ structure as a variable. After settling, containers had an average medium weight of 2.72±O.08 kg with an average bulk density of O.66±.02 x 10-3 kg m-3 • A seeding rate of 1.9 pure liye seed per em? was used to establish the turf. Before establishment, each container was amended with 9.45 g of dolomite containing 21.3% Ca and 11.5% Mg, 1.12 g of coated, slow release fertilizer (14-6. conditioned under low evaporative demand (25°C), followed by a seven day sampling period of daily ET determinations using the gravimetric water balance method similar to that described by Bowman and Macauly, (1991) .
There was variability from day to day in ET rates within the growth chamber due to a location effect. Preliminary sampling indicated that a sample size of seven was necessary in order to reduce the sampling error to detect a significant cultivar effect. Thus, the sampling period of seven daily ET measurements was established. Lysimeters were randomized daily after reestablishment of the daily ET cycle, which began at 0800 h when containers were weighed and watered to a predetermined standard container capacity.
After completion of the ET measurement period at 25°C, the two week preconditioning and one week measurement periods were repeated at the 30 and 35°C temperatures. After the first block of 61 KBG cultivars had been exposed to the full range of temperature environments, they were returned to the controlled environment greenhouse. The procedures were repeated for the three remaining blocks of 61 KBG cultivars using the same controlled environment chamber. Minilysimeter pots were mown at the start and completion of each week-long ET sampling period.
A randomized complete block design with a 61 cultivar x 3 temperature environment factorial arrangement of treatments was used. The samples taken during each ET sampling period were pooled (averaged) and all analyses were performed on the pooled samples. (Beard, 1973) .
A 14 h photoperiod (0800 to 2200 h) was maintained in the growth chamber. Photosynthetically active radiation measured at canopy level over each lysimeter and location at the start (21 Oct. 1993) and completion (9 Sept.
1994) of the ET experiment was 315±16 and 210±7 umols m-2 s-l, respectively.
Air flow in the chamber was 0.03 m 3 s-l and was sufficient for complete air exchange every 10 min.
Statistical Analysis AMMI analysis of ET data was performed by MATMODEL (Gauch and Furnas, 1991) . MATMODEL performs several analyses including ANOVA, principal component analysis (peA), and linear regression (Mandel, 1961; Wright, 1971 , all of which are subcases of AMMI. The data must be organized in a two-way layout such as genotypes and environments. For other restrictions and requirements in the data see Gauch and Furnas (1991) . In this study the term genotype is used as a generic term for cultivar, and environment for temperature environments. For a detailed description of appropriate statistical fixed-effect models for AMMI and subcases refer to Zobel et al. (1988) . A brief description will be presented here for ANOVA and AMMI models.
The ANOVA model is, for g = 1 to 61, e = 1 to 3, r = 1 to 4 Y ger = J..l + a g + Be + 0ge + E ger [1] and the AMMI model is, for g = 1 to 61, e = 1 to 3, r = 1 to 4
where Yger is the ET rate of genotype g in environment e for replicate r, J..l is the grand mean, a g are the genotype mean deviations (mean -grand mean), Be are the environment mean deviations, N is the number of SVD (singular value decomposition) axes retained in the model, An is the singular value for SVD axis n,~gn are the genotype eigenvector values for SVD axis n, 11en are the environment eigenvectors for SVD axis n, 0ge are the residuals, and Eger is the error term.
Restrictions for the ANOVA additive model are 2.a=I.15=oand for the AMMI multiplicative model are that <;and 11eigenvectors for each SVD axis are unit vectors such that 2.<;2=2.11 2 =1. The eigenvalue for a given SVD axis is the sum of squares (SS)retained by that axis and it equals the square of the singular value, ')...2. The sum of the eigenvalues 2.').. The least squares fit to the AMMI model for balanced data (equally replicated) proceeds in two steps. First, the additive main effects (IJ., a, is) are fitted using ordinary ANOVA (Snedecor and Cochran, 1989) . The non-additive residual (0 ge ) or interaction SS is fitted using SVD to obtain the multiplicative part (Arv<;grv 11erJ·
RESULTSAND DISCUSSION
There was a high degree of linearity in the response of cultivar ET to temperature environments (Table 2 .1). More than 99.9% of temperature SS was accounted for by this linear trend; the quadratic or non-linear component was unimportant. Despite highly significant differences in cultivar ET, the slope/ rate of change in cultivar ET with respect to temperature environments was unequal among cultivars given the significant cultivar-temperature interaction. Approximately 87% of the treatment 55 was accounted for by temperature environments, 8% by cultivars, and 5% by the interaction (the non-additive or multiplicative part). In a study to quantify varietal stability in barley yields across favorable and unfavorable environments, Finlay and Wilkinson (1963) described a statistical technique using a variety's linear regression coefficient as a measure of stability. To facilitate our understanding of stability in KBG cultivars across diverse evaporative environments, we have applied the same measure of stability given that a cultivar's simple linear regression coefficient is an adequate summary of cultivar ET response to temperature environments.
When regression of genotype mean on environment have a significant mean square (MS), the regression lines (hence the regression coefficient) can indicate similarities between cultivars in their interactions with environments. For each cultivar, a linear regression of individual ET rate on temperature was computed. These regression coefficients are shown in Table   2 . Cultivars having a b approximating 0.22 are described as having average stability across all temperature environments. For example, the KBG cultivar 'Nassau' exhibits average stability having a b of 0.21 (Table 2 .2). 'Nassau' KBG had below average ET rates across all temperature environments when compared to the mean for the entire population of 61 KBG cultivars ( Fig. 2.1 ).
Low consumptive water use is an important attribute or adaptation for those turfs that are irrigated and when water conservation is the primary issue.
However, it is not the only important drought avoidance adaptation and should be kept in mind when discussing adaptations from a water use only perspective.
Based on a water use pattern determined under controlled conditions, 'Nassau' may be described as having a conservative water use pattern across all temperature environments. Similarly, the KBG cultivar 'Kenblue' also has a regression coefficient that is approximately average in stablity (b=0.24).
However, 'Kenblue' consistently produce above average ET rates across all environments and can be described as having a high water use pattern because of a potential for maximum ET across all environments. The relative ranks of those cultivars like 'Nassau' and 'Kenblue' having average stability remains fairly stable across temperature environments ranking 2nd and 60th lowest, 'Limousine' KBG is typical of cultivars which are very sensitive to changes in the environment. 'Limousine' has below average stability with a regression coefficient significantly greater than the average value (b=0.27).
Small changes in temperature and evaporative demand produce large changes in ET. 'Limousine' has a less than average ET rate in a low evaporative environment (25°C), but as evaporative demand increases, it's ET rate increases at a rate well above the average for the population (Fig. 2.2) . Thus, under low evaporative demand conditions it is one of the lowest ET ranking cultivars (4th lowest)." The large shifts in ET rank across environments for this cultivar indicates a large interaction with temperature.
The experimental KBG cultivar 'ZP5-84-749' exhibits the opposite type of reponse to that shown by 'Limousine', having an significantly above average stability (b=0.12). There is very little change in this cultivars ET rate despite large changes in temperature (Fig. 2.2) . This cultivar had above average ET rates in a low evaporative environment (25°C), but being less sensitive to changes in temperature this cultivar is one of the lowest ET ranking cultivars under high evaporative demand (5th lowest at 35°C). The large shifts in relative ranking of ET rate across environments, shown by 'ZPS-84-749', indicates a large interaction. 
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Results from AMMI analysis of the C x T interaction are shown in Table   2 .1. AMMI partitioned the C x T interaction 55 into the first interaction axis (IAS1) and a residual. The AMMI model captured 99.3% of the treatment S5 with 0.7% allocated to residual. The first interaction axis captured 85% of the C x T interaction SS using =50% of the interaction degrees of freedom (df). Thus, the AMMI model can be judged as being more parsimonious in modeling interaction compared to ordinary ANOVA because the model contained 59 fewer df. The MS for the first interaction axis was 3 times the M5 for error compared to 1.8 times the M5 for error for the interaction from ordinary ANOVA. The ANOVA residual (C x T interaction) MS of 0.27 is three times larger than the AMMI residual MS of 0.09 and is indicative of the greater predictive accuracy of AMMI compared to the additive model. These results are typical for AMMI analysis in effectiveness, prediction and parsimony (Zobel et al., 1988) .
Linear regression analysis can also be effective in explaining the interaction S5. A linear regression approach which is an amended version of the original analysis (Finlay and Wilkinson, 1963 )is shown in Table 2 .3 which identifies a joint regression, genotype regressions, environment regressions, and a residual (Zobel et. al., 1988) . The joint regression, cultivar ( In Fig. 2 AMMI analysis of yield trials usually reveals a morphological and physiological interpretation of AMMI genotype scores (~g), and environmental interpretation of environment scores (l1e), see Zobel et al. (1988) for examples.
In this study environment scores reflect growth chamber temperature and relative humidity measurements, r = -0.90 and 0.99, respectively.
Equivalently, growth chamber parameters expressed as vapor pressure deficit from the plant's perspective corresponded well with environment scores (r = .94). No correlation was observed in the 61 KBG cultivars between stability index and morphological factors associated with canopy resistance to ET and leaf area components important under non-limiting soil moisture conditions.
Many of these same morphological factors, however, are significantly correlated with individual ET rate in the same 61 KBG cultivars (Ebdon and Petrovic, 1995 Actual ET rate isa sum total of canopy, stomatal, and cuticular resistances and leaf area components. Under non-limiting soil moisture conditions, resistances external to the plant (canopy and boundary layer) have been shown to be two to four times greater than internal resistances (cuticular and stomatal), indicating the relative importance of canopy resistance over stomatal resistance in controlling ET (johns et al., 1983) . Perhaps more closely associated with stability are internal plant resistances at the leaf level in combination with external resistance (canopy) and leaf area components. 
